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I. INTRODUCTION

The purpose of this brief report is to describe
the various experimental techniques which are utilized to
measure the fundamental properties of the fuels in the
Physics of Flames research program at Princeton. Much of
the material presented herein has been accumulated over the
past two years and generally has not been documented else-
where (except for brief references to the work in the
Monthly Progress Reports (Technical) to the U. S. Army,
Ballistic Research Laboratories (aAberdeen), the sponsor of
the overall research effort).

The fuel properties which are known to effect the
flame spreading rate (1,2*) and which are included in this
report are: surface tension, vapor pressure, flash point
and viscosity. (Tne bulk thermal expansion coefficient is
not included in the measurements.) Much of the data which
have been cobtained to date are included in this report.
whenever possible these data are comparxed with existing
literature values, In several instances measurements were
taken with n-~decane and n~decane which had been thickened
{to any desired degreec) with very small percentages of poly-

iscbutylene. Conmparisons are made between these data.

Numbers in parentheses refer to the references at the end
of this report.
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The most important guiding principles which were
used in the selection of the measurement techniquea are (not
necessarily in order of importance): -
1., simplicity of operation
2. accuracy

3. precision

4. adaptability to operation in a controlled

temperature watexr bath
The last item is considered important to the program in effect
and is the reason foxr eliminating many measurement techniques
from serious consideration. The water bath used in these ex-~
periments consisted of an approximately 7 gallon cylindrical
glass jar with an open top. The water, which was stirred
constantly, was heated with a 1000 watt electric heater, and
the temperature was controlled to better than + k°c with a

mercury column thermostat.

XI. SURFACE TENSION

In this report, the negligible difference between
the surface tenasion of a liquid at an air interface and at a
vapor interface is neglected. The most common methods of
measuring surface tension depend on one of the following:
the torce required to tear a wetted ring from a surface, tbe
size of drops of a liquid flowing from a capillary, the vapor
pressure of smail droplets, the oscillations in suspended

drops, the bubble pressure and the rise of a liquid in a




capilliary tube (3). In general, the tixoc 323 last tech-
niques, namely, the wetted ring and the capillary rise
methods are the simplest and are capable of high accuracy
and precision (within about one per cent). However, the
capillary rise instrument can be immersed in a constant
temperatuxre bath (in contrast to the wetted ring method):
furthexrmore, the technique is quick and the apparatus is
easy to calibrate.

The particular capillary rise apparatus selected
was a Fisher Catalong Number 14-817 (Ref. 4). The principle
of operation is described in Reference 3, The assumption
was made that the contact angle @ between the liquid and the
capillary wall was zero. Calibration was accomplished by
utilizing liquids whose surface tensions are known, measuring
the heights of the capillary rise and solving for the capillary
bore radius. Usirg reagent grade acetone, hexane, methanol,
carbon tetrachloride and n-decane at 20°C the bore radius was

found to be .0196 cm (using 980 cm/sec®

as the acceleration
due to gravity). It is interesting to note that when dis-
tilled water was used tc calibrate the instrument the bore
radius was found to be .0191 cm. This repeatable difference
probably was caused by the relatively large difference be-
tween the surface ten:ion of water (about 70 dynes/cm) and
the other six organic liguids (about 18 to 27 dynes/cm) and

by the assumption that € was zero.
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The accuracy and precision of the capillary rise
surface tensiometer are very strongly dependent upon two
factors, namely, the cleanliness of the bore (through the
ability of the liquid to wet the surface) and the reading
of the capillary rise with the associated meniscuses. The
cleaning procedure and the standardized method of reading
the meniscuses are presented in Appendix B.

The surface tensions of n-~decane (viscosity, 0.92
centipoise at 20°C) and thickened n-decane (viscosity, 64.8
centipoise at 20°c) were measured at 20, 30, 40, and 50°C.
The data*. shown in Figure 1, are identical, and more im-
portantly, from the point of view of a model of the flame
spreading process (1), d ¢/dT (the rate of change of the
surface tension with temperature) is unchanged. The measured
values of surface tensicn of n-decane agree well with the
literature. Summarizing, the surface tension (and dg /aT
of n~decane is unaffected by the presence of a thickening
agent.

Another important aspect of the surface tension
neasurements concerns the possible effect of surface tension
agents (surfactants) on the surface tension of n~decane. In
this regard, the Armour Industrial Chemical Company {(5)

reported that, because the surface tensions of hydrocarbons

* Each datum point represents the average of at least three

trials,
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are quite low, it is difficult to find an agentto reduce
the surface tensions further. (Armour had no additives to
alter dg/dT and noted that this is an industry-wide prob-
lem). For trial purposes the following twelve chemicals

were supplied by Armour:

Aromox C/12-50% Ethomeen 18/12

Aromox DMC~40% Arquad 2ZC-75

Aromox DMHT-40% Arquad ZRT-75

Aromox 18/12-50% Avquad 2ZS-75

Ethomeen C/12 Kessco Isopropylmyristate
Ethomeen T/12 Kessco Isopropylpalmitate

At the suggestion of Armour, approximately 1% of each of
these possible agents was added to n-decane. None had any
rmeasurable influence on the surface tension.

More recently, the 3M Coxporation provided these
laboratories with a new surfactant which is still in the
research stage and not available in large quantities commercially.
This surfactant is a fluorinated hydrocarbon and has the 3M
Corporation designation FC176. An addition of approximately
1.32% of this compound in n~decane xreduces the surface
tension of n~decane from 24 dynes/cm to 19 dynes/cm at 20°¢c.
Morxeover, FCl7¢ altered the dg~/AT of n-decane. These

results are shown in Figure 1lA.
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III. VAPOR PRESSURE

There are a surprisingly large number of available
methods for determining the vapor pressure of a liquid. Gen-
erally, they may be divided into two broad classes, namely,
the static and dynamic methods (6). The dynamic methods are
usually more complex, but have the distinct advantage over
the static methods in that they are continuous flowing; thus,
the air which is dissolved in the test liquid can be removed
easily prior to the taking of the data. The outgassing of
dissolved air from the test liquid can introduce significant
errors when measurements are being made in the vicinity of a
few torr pressure,

The static, classic isoteniscope method of the
Smith and Menzies type (7) was selected for the measurements
with n-decane and thickened n-decane. Some diffficulty was
encountered in removing the dissolved air from the n-decane
in the instrument. Probably as a result of this, the data
had more scatter than desired, and since the operating range
was from about 1 to 10 torr, a dynamic method {e.g., Ramsay
and Young method (6)) would probably have been a better
choice. The data for n-decane and thickened n-decane are

shown in Figure 2*°

Each datum point represents a single trial.
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As may be noted from the data in Figure 2, the
vapor pressure of thickened n~decane does not appear to
differ in a consistent manner from that of pure n~decane.
Also, the data scatter amounts to about + 10%, which is
large. The scatter cannot be attributed entirely to
dissolved air in the liquid, for this would cause the data
to be higher than literature values. 1iLinder (9) has noted
though that the literature values of the vapor pressure may

be high due to dissolved air.

1V, FLASH POINT

The flash point temperature of a liquid fuel has
a significance which is somewhat distinct from the other
properties of a fuel in that the flash point is often used
for government regulatory purposes, particularly in the
commercial shipping of fuels, Perhaps more importantly, the
flzsh point is defined rather arbitrarily in comparison to
other fuel properties, and the definition is dependent upon
the apparatus utilized to measure it.

The Tag open~cup flash point apparatus was se-
lected for use in this laboratory. The apparatus and the
measurement technigque conform to the ASTM (american Society
for Testing and Materials) Designation D-1310-67 (Ref. 10).
The apparatus was similar to a Fisher Catalog Number 13-512-1V2
(Ref. 11).
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Most of the operating procedure for the Tag
open-cup tester is straightforward. Extra precaution must
be exercised to prevent drafts in the room. Also, the pre-
scribed heating rate can be maintained only after some trial
and error practice. The instrument was calibrated according
to the ASTM specification using p-Xylene., The correction
factor was found to be + 1°C.

The flash point of pure n-decane (viscosity, 0.92
centipoise at 20°¢) was found to be 56°C. fThe flash point
of thickened n-decane {(viscosity, 43.8 centipoise at 20°¢)
was found to be 55°C. According to the ASTM specification,
these two temperatures are not distinguishable.

Thus, the flash points of pure and thickened
n-decane are essentially the same. The only literatuye
value of the flash point of n-decane is 46°¢ for a closed-
cup tester. This value, which is reported extensively (12)
but apparently not referenced to any investigator, is con-
sistent with the value of 56°C in that closed-cup values
are usually lower than open~cup values,

Although the determination of the fire point is
not specified for the Tag open-cup teaterl, and is rather
difficult to carry out, some measurements were accomplished.
It was determined that the fire point of pure n-decane is
about 5°C above the flash point and this is tc be expected.

The fire point is defined for the Cleveland open-cup
tester. However, this testexr is not the proper one for
the flash point range of n~decane.
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It ie interesting to note that in the case of
n~butanol the measured flash pnint was identical to the
measured fire point in all of the runs, (within the resoiu-~
tion of the instrument or 1°C) with an average value of
43°C. The reason for the close agreement between the two
points probably is due to its low heat of vaporization. It
may be noted that consistent with this result, the flame
spreads across a n-butanocl surface in a steady manner with
a steady flame front. This steady propagation should occur
when the flash point is close to the fire point. In con-
trast to this, the flame spreading across n-decane was ob-
served to be nonsteady:; the existence of a precursor flame
(1) has been attributed to the difiference between the flash
and fire points.

V, VISCOSITY

A number of different wmethods exist for measuring
the absolute viscosity (/A_) or the dynamic viscosity (3> )
of liguids. These include the Saybolt, Zahn, Falling Ball,
Stormer (both cylindrical rotor and paddle rotoxr) in the
case of absolute viscosity and the Ubbelonde and Cannon-Fenske
in the case of kinematic viscosity (3). In a wmanner similar
to the flash point, the measurement of viscosity is closely

related to ASTM standards (AST™ Designation No. D445).

Srowr




Relatively early in the research program, a
nunber of measurements were taken with a student falling
ball viscosimeter. This instrument later proved to be in-
accurate and its use was discontinued. The bulk of the
viscosity measurements were taken with ASTM approved and
calibrated Ubbelohde viscosimeter tubes which were ob-
tained from Scientific Glass Apparatus, Catalog No. V=7050
(Ref. 13), These tubes, which are made with various
capillary bore diameters to accommodate specific viscosity
ranges, were suspended in the constant temperature waterx
bath,

The viscosity aata’ for pure n-decane and thickened
n~decane are shown in Figure 3, along with the literature
values (see Appendix A). The data for n-decane were cb-
tained with two different calibrated Ub! elohde viscosimeters
on the two different dates. Some of the data scatter
probably can be attributed to not maintaining the viscosi-
meters in an absolutely vertical direction; the water currents
created by the stirring motor tend to make this a difficult
task,

* Eagh datum point represents the average of at least two
trials.

o




vI. FLAME SPREADING

The velocity of flame spread over liquid fuels is
highly dependent on the laboxatory conditions under which
the measurements are made. BREecause of this, well defined
initial conditions are essential in order to give data which
can be meaningfully correlated. As a direct result of an
extensive series of tests carried out at Princeton, the con~
ditions and procedures necessary to give flame epreading
data have been defined. The choices made are described below.
B, BASXC APPARATUS REQUIREMENTS

B.l. Test Cell

The test cell should be a xroom sufficiently large
to perform the burning tests. (25 foot long by 9 feet wide
by 11 feet high has been adequate at Princeton). Flammable
material should be absent from the test cell (i.e., a wooden
building is eonsidered totally unsuitable).

The test cell should be fitted with an exhaust fan
in ordexr that the room can be ventilated after each runm.

Other requirements of the room are that it should
have adequate temperature control (i.e.. a heater and perhaps
an air conditioner) and it should have a water supply.

B.2 The Bxperiment Table

A table on which to perform the flame spreading
experiments is essential; this should be constructed of non-
flanmable material (metal). A top size of approximately
8 ft. by 4 £ft. has been found zdequate.

N
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B.3. The Trays
Extensive testing at Princeton has indicated
that the ideal size of the fuel container is 72 inches long
by 8 inches wide. When the wall material is glass (or
metal lined with glass), heat losses from the fuel are
unimportant in this size tray.
Pyrex glass can be supplied to ordexr from:
F. J. Gray & Co.
182 S, Portland Ave,
Brooklyn, New York
and the sheet Pyrex can be bonded together using Epoxy resin.
Alternatively the fuel tray can be fabricated
from 1/16" aluminum and the long walls lined inside with
plate glass (1/10" thick is adequate). It has heen found
convenient to clip the glass in position (using aluminum
clips). The aluninum trays have a much longer lifetime
than the Pyrcx trays and are preferred for this reason.
However, the glass liners do break and have to be replaced
periodically.
A drainage hole should be provided for rapid
emptying of the tray after use.
B.4. Ignition Systems
Research at Princeton has indicated that fuels
below their flash point cannot be ignited by merely applying
a gource of energy (such as a proparne toxch) and that the

use of wicks is not a satisfactory method of ignition.
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Two different modes of ignition have been used
at pPrinceton; both are equally corvenient. The first uses
an aluminum bharrier to segment a sm=ll (approx. 2-3 cm wide)
section at the end of the tray which is ignited with a
Bernz-0O-Matic propane toxch. %vhen the flame is fully
established in this section, the barrier is removed and the
flame is allowed to spread.

In the second mode of ignition, a small volume
(approx. 1 cc) of a volatile fuel, usually hexane, is poured
onto the fuel at one end of the tray and is spark ignited.

These two methods give excellent agreeuent, pro-
vided, of course, the measurements of the flame spreading
velocity are sufficiently downstream ( ~ 14 inches) to be
unaffected by the ignition process. (See Run Procedure later.)

B.5. Extinguishment System

By far the most convenient method of extinguishment
is to cover the fuel (and flames) with a non-flammable board
('Transite’ Sheet has been used at Princeton) and, hence,
cut off the supply of oxygen. Manual manipulation of these
"gnuffer boards has been found satisfactory in work at
Princeton.

Of course, elementary fire precautions require that
fire extinguishers should be close at hand in case of accident.
(It should also be notad here that the use of fire extinguishers

directly on uncovered, and relatively large, areas of burning
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fuel is not a good method of extinguishment since it serves
only to “"blow" the burning fnel throughout the test area).
B.6. Instrumentation

The basic instrumentation required to measuxe the
flame spreading velccities is very simple since all that is
required is instantaneous knowledge of the position of the
flame and the time. A stopwatch and a scale is all that is
required theoretically, but it has been found in practice
that the flame spreading velocities measured in this manner
are quite variable (up to + 10% scatter of results).

A better method is that which has been developed
at Princeton. This employs a series of photo-transistoras
(L14B) which are set at known positions along the length cf
the tray, and the outputs from which are displayed on a
Viaicorder. (The prints for construction of the flame de~
tector assembly are included with this report.)

A secondary system using a movie camera to record
the progress of the fiame along the length of the tray could
also be considered. This has the advantage that it also
gives a record of the flame height, but has the marked dis-
advantage that it is very time consuming to obtain the data
from the filmed record. '

B.7. Miscellaneous

A certain amount of miscellaneous zpparatus is

necessary.
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(a) Carbon dioxide fire extinguishers.

(b} Flame~-proof coats - for the protection of the
operator.

{c) Breathing apparatus -~ either compressed air
supply or a filtration system (gas-mask-type).
Thia is required for working in the smoke
filled test area.

(d) Thermostatted water bath ~ this is required
to control the temperature of the fuel (and
water if the fuel is floated on a layer of
water). This requires a large volume tank
(~ 30 gallons), a heating element, a tempera-
ture control unit and a stirrer.

{(e) Graduated measuring cylindexs - to measure the
exact quantities of fuel (and water) required
for each run.

(f) Thermometers - to measure the fuel temperature
and the ambient air temperature.

B. STANDARDIZED RUN PROCEDURE

The pamphlet, "Operating and Safety Procedures for
the Flame Spreading Apparatus"f July 1969 is included with
this repoxrt. All of the procedures will not be relevant to
operations other than at Princeton and also some of the pre-
cautions necessary to obtain reproducible data are not

mentioned explicitly and these are given below.

Appendix €




{a)

{b)

{c)

B

Exact control of the initial conditions of
each test (fuel temperature and fuel depth;

is essential in order to give reproducible
results., It is also necessary to repeat

each run two or three times and take mean
valves in order to minimize the errors.

Both the barrier/propane torch and the hexane/
spark ignition methods perturb the flame
spreading velocity in the early moments of
flame spread. For this reason the first
measurement on the flame should be at least

35 cm (14 inches) downstream of the ignition
end of the tray, (i.e., if the photo~transistor
method is used to measure flame spreading
velocity, the first detectoxr must be at least

14 inches from the ignition end).

Flame spreading is not a totally steady process.

but more an oscillatory motion about a steady
velocity. For this reason the measured value
of flame spireading velocity is more accurate
the further apart the measuring stations are
positioned. It is suggested that the photo-
transistors are at least 100 cm, apart to give

the most acourate results.

<
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D, PROGRAM OF TESTS

The suggested program of tests is to measure the
flame spreading velocity of commexcial fuels over a range
of temperatures {ambient temperature to the flash tempera-~
ture) and over a range of fuel depths (the smallest depth

that will support a propagating flame to 50 mm decep layer).
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APPENDIX A: Some Physical and Chemical Properties of n-Decene

Sources: 1. API Technical Data Book~Petroleum Refining,
American Petroleum Institute, 1966

2. Other sources (as noted)
Formula: 010522
Molecular Weight: 142.276
Boiling Point (at 1 atm): 174.12%.
Fusion Point (in air at 1 atm): =29.66°C

Note: There are 75 isomers of 010822, the lowest

boiling point is 147°C; the highest boiling
point is 169.7°C.

Denaity of the Liquid: See Figure 4
Density of the Gas: (Note: The density of the gas may be
calculated at any given temperature and pressure using
a procedure outlined on page 6~53 of the APl, Technical
Data Book-Petroleum Refining, American Petroleum
Institute (1966).
Absclute Viscosity of the Liguid: See Figure §
Surface Tension (with air): See Figure 4
Specific Beat of the Liquid: See Figure 6
Specific Heat of the Gas: See Figure 6
Note: The specific heat of the gas can be calculated
at any given temperature and pressure using a
procedure outlined on page 7-155 of the APl
Technical Data Book~Petroleum Refining, American
Petroleum Institute (1966).
Thermal Conductivity of the Liquid: See Figqure 7
Thermal Conductivity of the Gas: See Figure 7

Heat of Vaporization: See Figure 6
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Heat
Heat
Free
Free

Heat:

of Formation of the Liguid (at 25°C): -80 kcal/mole

of Formation of the Gas (at 25°C): ~59.6 kcal/mole

Energy of Formation of the Liquid (at 25°c): 4.13 kcal/mole
Enexgy of Formation of the Gas (at 2s°c): 7.94 kcal/mole
of Combustion of the Liquid at Constant Pressure (at 25°C)=

Gross: 1620 kcal/mole or 11,387 cal/gm
Net: 1504 kcal/mole or 10,573 cal/gm
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APPENDIX B: Procedure fox %1eaning,Glassware

\

All glassware was soaked overnight in a 50-50
mixture of 20% sulfuric acid and 20% nitric acid solution,
and rinsed with distilled water and finally dried with dry
Nz. Once cleaned in this manner it was only necessary to
rinse with acetone and dry with N, when changing samples or
when changing from one organic liquid to another. The acid
cleaning was only necessary when changing from an organic

liquid to water or vice versa.

Procedure for Reading Meniscuses

The Fisher surface tensiometer is equipped with a
millimeter scale which is affixed to the glass capillary tube,
The top meniscus was read with little difficulty using the
bottom of this meniscus. The lower meniscus in the reservoir
(in which the capillary tube ig immersedj} was somewhat more
difficult to read; however, the following procedure was
standardized.

when viewed from below the relatively large

reservoir surface reflects light. By raising one's
eyes in a vertical direction the angle at which the
surface is viewed gradually decreases until the eye
level is reached such that the reflection is zero.
At this height, the eye is in perfect alignment with
the level reservoir surface and the reading on the
millimetexr scale may be made. Using this procedure,
measurement errors of less than 1% were accomplished.
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Spreading Apparatus

APPENDIX C: Operating and Safetx Procedures for the Flame
Spreading Apparatud

1.

4.

J. General Precautions

Safety glasses and a fire-proof (orange) lab coat are
to be worn during all operations where heated fuel,
fire or pressures are involved.

Air filter masks (2) and compressed air breathing masks
(2) are available and should be used when deemed
necessary for the experiment. For this purpose, any
area of fuel to be burned greater than 288 sgquare
inches (48 inches by 6 inches) is considered to give
hazardous breathing conditions and breathing equipment
MUST be used by the experimentexs.

There must be at least one person in the vicinity (i.e.,
in the test cell building) during all operations
specified in section (1) above. 1In addition, two
operators must be in the test cell when fuel areas
greatexr than 288 sq., inches are to be burned,

All volatile fuels (i.e., with flash point below 90°¥)
nmust be recoved from the burning area before any flame

spreading experiments are conducted.

These procedures were prepared by R. MacKinven and
A. Bozowskil and approved by A. Beach for the
Guggenheim Laboratories Safety Board.
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5. All fuels except those to be burned within 24 houxs
are to be stored in the FUEL STORAGE SHED.

6. The safety-trash-can is to be emptied into the ‘'BURNABLE
BIN® each morning before 8:30 A.M. 0Oily rags (which
are deemed to be particularly hazardous) should not
be left in the test area, but should be laid over the
edge of the waste basket outside the cell.

7. The flashing warning lights must be in operation when
fuel is being burned.

8. No fuel should be burned without first checking the
Handbook values of flash point and toxicity. Flash
points below 90°F are deemed hazardous for experimental

purposes.

IX. Start-Up Procedure

1. Switch on heatex/cooler and stirrer in temperature
controlled water bath first thing in th2 morning.

2. Switch on electronic counter and reset to zero. Switch
on circulating fan.

3. Immerse the required volume of the required fuel in
the temperature controlled water bath (at T, %) to
equilibrate the fuel exactly to the required temperature.

4, inse the tray requirad for the test with water (at
T, oc), dry and align in front of the phototransistor
detector unit.

5 Check the air temperature ard make any aecessary changes
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1.

3.

6.
7.

8.

9.
10.

~25-

with the heaters or the air conditioners., Check
the temperatuve of the tray by placing a thermometer

in it for five minutes,
I¥X. Run Procedure

If the fuel is to be floated on water, measure out
the required volume of water (at To °c).

Check the temperature of the water and pour into the
tray.

Switch off circulating fan and heating or air con-
ditioning and allow the air currents to die away.
Remove fuel from temperature controlled water bath,
check temperaturg and pour into the tray.

Refill measuring cylinder with the required volume
of the required fuel in readiness for the next run
and immerse in the constant temperature water bath.
{(This also allows time for the currents in the fuel
which has been poured into the tray to die away].

Reiill water bath to the mark.
Check the temperature of the fluid in the pan.

Close all doors and turn on the flashing yellow
warning lights.

Check air temperature.

Ignite the poocl of fuel, caused by immersing the
appropriate metal barrier one inch from the right
hand end of the tray, with the Bernz-0O-Matic torch.

{an orange fire-proof coat MUST be worn).




11.

12.

13.

14.

15.

16.
17.

18.
19.

Allow the pool to become fully ignited and then lift
the barrier and allow the flame to propagate.

shut off torch and place in area away from fuels or
rags whilst the torch flame dies away.

[N.B. Ignition may a2lso be accomplished by placing a
small amount of hexane at the end of the tray and
lighting it with the spark ignitor.]

Extinguish the fire, after all the regquired observa-
tions have been made, by placing the "smother boards"
dixrectly on the tray.

Switch on the circulating fan and the extractor fan
(and the air conditioning, if necessary), open
external door and switch off warning lights.

Empty the burned fuel and water into the collecting
jar and rinse tray with water at To %c.

Dry the tray.

Transfer all data from the run into the labeoxatouy
notebook.

Switch off extractor fan and close external door.

Repeat operations (1) through (18) for the next run.

V. Ewergency Procedures

Three co, fire extinguishexs are located inside the
test cell for rapid fire extinguishment. Three more
C02 fire extinguishers are located just outside the

cell door.




3.

2,

4.

-7

should burning fuel be splashed on the lab coat, the
coat should be quickly abandoned or if this is im-
poseible, the overhead shower or fire blanket, both
located in the cell, should be used to extinguish
the fire.

Sumreon help with short, quick blasts on the siren.

V. Shut-down Procedures

After completing the desired number of runs, fill

the water tank.

The thermostat should be set and the circulating fan
switched on to maintain the regquired rocm air tempera-
ture overnight.

Bring sufficient fuel from the storage shed for the
runs which are projected to be completed the next day.
Switch off all apparatus not mentioned above, close

the door and switch off the lights,
VI. Fuel Retention

Expensive fuels are to be retained and processed for
further use. The fuels are smeparated from the water
hy decanting or siphoning. The contaminated f£yel is
then distilled and the asppropriate boiling fraction

stored for future use,

care should be taken in order not to waste fuel.




-

[»]
z
-
w
4
i<
1 34
s
(=3
P

«@ -

5 A FUNETION OF TEMPERATURE

~DELANE ' DPATA T

1

NED:

VRE ! ne DECANE  DATA
e ;

K-k eaten

RS SMEINTLst:
SRR :

T
jan 5
T

T

SHBESE SRRy
eunespiay
bt by +
T i H
|13 s
ot ] iy -4

1L
T+
a - f- =+ Liee
e 2SR/
it bowre o b oy
ot 0 ¢ o 1T
ST
e
- e S aa

o Jugdind Sengsmtaesses:
ot o 1 }Hx.'tw.fkrll 7
by 1 T T
JDOSBa shaatns be
3554 Shebee: b o
b o radyd

T

+

JORASPADLANE SN MOBESE:

-

g at Shagptus g ss 548 Says aie
e ™

v
B e e Seasae! Senas sansane sy

R e L AT

PO SSPEDY SR w 4
ppgees e r e

DEUP S SRR B SO NNEEOUE S|

B!

- +

+

P ST

1
H
mErLniiis 5 SRS
Rpotall FTasalt sadastasasy
S SELESas 32ss

30

(

5y
~

c.g\.w\.o:rﬁ v

[101511d) 339IENG

35 40

30
TernperaTurE (°C)

Q




R S e

sisrinwy A

Terweratort  (°¢)

7 X 10 (NCHES

K'E 10 X 1010 '3 INCH 46 1320

KCUFFEL h T3SER CO.

e g w

e

e ¥
H

!

P

- v Y T . . e e ey
- X . 3 fs- i _
. , ' 'y i1h RE
i A g . + 4 bt o [N et e -
" Lo ce i [ 31 I O i S s
i . . } 3 :
T H ! T 4 * | .
B i 1.0 i the b . '
: RE : i f ! \ .
T T T T
_ 1 P s e ey 1
.- v - : WT 1 5 T 153 WL by
PETE BNt " " Y 11 :Jq 4 pram T
; . 1 t 353 ot 18 IS Il . . ] , M
~ 1§ At bt ST ] PR IhEA e aet e hak! " i i
T = M ET IR PEL] It g R R g T 3 T T T
= Ftobtiing b 1 5234 FRLES SRS R 1938 103%y T I 23 I :
I g Eeg: Jth 41 M8 233 FEER] adyd postd yiasa sagnt isd it o - e
e BOIR E2E Y T M IRRS T o b puvt T BETE 2T P
- 53¢ i it 53 BT a1 S ORR DNY M 3! ESE NN S I i
< it gl edi il i e e et S e e I 3t =t ML N
- 1 2 b R e Pt e T L B NS ] i |
i+ TR i i it Y i 1 et 4 w‘m{x 33k $39a8 120k AR
BN i eI ST I X0 15X e T
} t4 1 ! -4+ T [ sisRn228¢s alad (5o 41 had Rkt b ‘ RS S
1o Hi atspisaf  dady eaat 1STtAc S A T 52t o Sl I, L bt
-+ i 4 4 PRy pa 3 e Iy MESE 23 b - . .-
H P Rpa sstag pee st panaa it Mes Hegt P sie t S OO {535 0o3 31 CONRMIRST R IS =in
i i T i TN dhaed featyd [PEY 5ok SIS L. w
s il BR B Rl nniay i S o it Lt R Al =
; voatl espslasisestatacty oirrigi s N Fafy il N st N P 2 sy
i Jraset] BE te N r &5 it 3 B ey i) Lml .- e
T b brftit I o3 et e SRSl AU S A
! [ oue o s T % rOu Speag yaut e I ou T
T T t £ f ot OGS SRS SRS SIS X triis
T  Eat i t 3 TI Soied eS8 s3uod Sout] SLIE Shke SrIID
b o w&in <W}.T-. i S TR o b PR susg Eoaad 15035 3p) M 518 TEo0 IYad Fiadd S e T
s LY 19NN punes apnw, - ove r T 39 Snay preas PR Py gapwy 19 e
g VRt v Lanet M2, b H 23230t 1N e e PSRN by ot RS Suiii ahe 3% LS vt
Wo'.%. it +1z1m. m.&vﬂﬂ. 30 Icatd e idgl i SR 322001 400 528 $220e i sl EE 1 JET EEAET i 1) PPN
1 - 5 = rye yreey ¥ poaargeew ! ¥ o (R 2asnd Soant 3iaey Tobnd FiGaa Sea M BIn
S S B e pOHTH R HE £353 teasd I IR1SSoE LEothcoast ELE0 el EXid R
pdul Se AP L8 hmﬁﬁo i [N sug i I 4 oy St Pty 19 o201 2500 i1 I
pow SRS 1 SUVY puE RS FRERY a0 E ae pu 1 n a8 o pones soun SRE BB RUNPG Y T
L35 1539 HER ina oo el tp FEEHELEL b Mm (oot $eded RLd EE ot 0 ad EE RS I
Boanseung ganzaoa: Tt ettt T B L [3ag sxdnqSydel § §eisoss talley el SxRalshady S0 SPUNR Bt b
39 P (SR puna T = 93 yeanggsene g yuy g g F¥S Symny oy ot SRR e T
N s n0d SRS S s gna g u fou b+ 3 T 5 =+ pag RoS iy ant = Loy S .Q'T,Vn
ks — + T 1 e T f - [ga iy pS e
: roag danl HEs ESg fumny sulny 3534 : (Esprau=t T iftel fosiy bkl Sxved LAY MERE LIYS
+ 4 Puty e PR quE SO
M ¥ - s T T R4 b e ?nw».. [OARS S ui.y SNG SOS00 SEGY PP
T 4 b 6 + + 4 4 - vu . B - - -
383508 sysas Linsgfesays: + tebett HEL 350 s3] Rt Mt e T St SO0 o N
X - ! e Ol SN Spuyy Spapet forunint Spp SR Ste -
I R s T : 7 L4732 ; I T S T S s P T L S
e sz it + s snastd shigl el SN c2dod SURT JCIN 4
L +T 3§24 jlagany ausal ¥ 1§ eyl vud g guiieg usnad SOGRY be s
5 1531 H g 1 B ey e vt gt SOT oy Tor
. 4o sa. 3 1 0 SRk Sungig gl &4iDg Pamul bulbut ol fagin g
+i+ T 2 N LS Ry et abeay Il Fotal BE1S fovan
=4 + < [ONaNy PG pu
ieeisassl + : I3 sa%] $25s oS sesad Satg Mibes foasy anaall SIats sotuy
T e : : : : = R Fah
bal pans 8 B3 e T i puben
¥ il
= T T I5es saed
s T T T oy
& + + Y +
£ i
+> : THT
< T 7 uﬁ t T
: - T =
e i
7 ey : : 2 ose s
treb: T b i ﬂv
: :
T I3 + ~H -
T I
T t
" Y T
fasas txucs guuas sus: g aans
. ¥ : 1
b oyt p
et + T susss T.T';le
;
Tt L
H i
T
T
i + ”w
T =t f
+ i 1
+ }
1
» oy gen sy e T
e t T
I 3 T e
; tr :
;: :
4r -+ Tr
% ygnas e pariy
H + 1
KB A 9N 1
e T
T paar § W IR W
+ b uH 1 <
: t
-t
b1 I
2t ees
: Sma em=as
g pRaipe
1 — g
Tt } T I
T
13T % &4 d T
AT 52 e
HitE 3 8s t} tHH

(W) 234 cawia)




e

R IHETO AL P PR SR Mo B vy 3 I TN e k) ks s ol o - - Al - - -
0O
ot N B mmvu [ i N N N N
. . VRSN I ~ N (i RN RASERSREE NEENIE b
N . ool LS L i - t. ) SN LA R
. . [N B i : . dAL L IRR : !
- oM & E sk = . i - il g
BRI A = N HERER NN L !
gY kil ele B~ 3O aan Aual IS L it Lﬁ
Y o il O ) i T . il ISEREEES & O |
& \pi L - i i .,._._ T L
[ AT ] st Mo D g > -~ rrHERRE R TP
NSRRI N e FRgh .mW v R *,h_” NN
- 3,1 [ ] EERRNNNE re RN
kB IR ; T IESRanRN
f o) AN .+ ” L R H EREARNNEY
- : af P ! 0 i i
. 187§ SREE ,
. . ! - F - A
Tt s AR R x
[~ 3 RE
Aol se o |
. M L JE b1} | s A
. O wHMTwM" r B i
T 72 ERNE R [ it BRNE
- T XTI B m I l‘i.ll i 111771 ) BN
: Srsatk ,_ e TR
- T N SR U N ; M R IR
.ldlﬂ.x(f.ﬂmﬂfdrmv» Tyt s i RREEEE
e e i -
N TN N W ] ntmxh»‘lo ]
‘ ). : -
- ) B & mup Y AMM i RN
) ol A 1171 T il ley T "
Ld+ \ ] 1 [P > i §s 1 '
] e = EIY | L W
1 ad i i oy | T A
- Wy nm_ .. T 1
A7 AW«, . T 14 ,.J/‘!rm {
[ T T 2 _ T
bl | [N ") {
1 i wmeunm, | RN Ry !
RER D Nt ISR\ 7 ¢
. PN SR SO SR 15 BN § ! ..
=] —t
P . a
--§ 22 ho I B N :
; u ,,fgx - m%iy ! !
[74 . N b piie FR & i
i 2 O mm mm: e ENAgy ) i
N H i 1
' ol o W Mo inarih
IRGEEERS e i
- . ¢ [RENE SEREN REEN NN
! >V T SEANRERR NN REEN N
H N JURN Y MML\_ ! ‘4,1.1. ]
A [ ‘ H
1. mﬂﬂ - -
L EE
KN HE
+ o e i1
. Tl
o D S i
i . I
i w e
T
| | i
[l ) !
. N ] N
d o d I g L s
‘0‘ -] -~ i~ w3
Ahko.s.v JFuNs5244 YOJUA
3 0D HISSE W TIIANIN N
i WL B MEIGYM - SO AU 0L X SATIDAY T T T
( . ﬂ w oL6Y OV WLV SO I WAS Wox ﬂ, .\~ . C
. » b *

343

316

3.2

5.08

3.04

3.00

2.%

2.32

(oK)-l

00/

~ 25




. — o o KO W A e e -
- © < P Lo m w
, 8 Assorute ViscosiTy & S S
Q 4
w S CENTIPOISE v S S o
| L
; > . 4 1 ~ + Bl $ia DY) AR Y t44 . :
! 113 Rees IIRat EATES RES s AR urS Lhees ISAR] FoePt INURL IRSST IRURE FRORY SERHY SR TSI Y1 1 +H T .Lt 111
; ESS SONE Sact SRete 004 SR iut fuva) 12kvd FoLEE SES0] 240N FAREY 2SR § ! il 12351 Sal i § S
H et PeR] 5 gty PERRS FSE08 JEUR] £330 bas: 031 1EE00 0000 Fivns ARl M A LR Y e i 4 e EIY ¥ :
T 3 RSS2 syt B ] ¢ B AR
B - - 1 .f» 1 “ ] .
DY jRY po "o [0 £ I T<dv PEepe [ T RS
| S T e X o TRIHE
| : st P e e HE : LN ; IRE L
. - ! v + - ot MR Y .
S N - IEEE R S Ty 1 I I I 1 1 i3 ¥ I EEEE | A !
o . 1 ERast S350t i S381 AESSN SRS SR i ; b it EBERE X : i
_ b i) Wil o et e N ) ER (A8 R it (S T Y RN AT TR LR L ) o o !
: (59 Loty bubng B00S LU0 RS0t ISRNe IR N 5 i i1 .
! JVAN [ORY JUONE SUSTE apnes sy T T PRSEY RGTE PRy .
i 552 (S5 E) TESH ) NN PIR) Fo0) IRt 254 S4en Y T, i ] ﬁ f T ;
M B AR SRt anidd fdaat N (5% ju8 94 pR5ds Skl S5 S58 MRS N i 1318 3 T O .
! 3 I o s Pt et 0 LU R By
oS S oty Suutd bidde ASLEN JUNTN B4 1 xrmf »m mu Ohar m L1 P 1 ‘ . :
Sl b e e B R ] ekt et et DR et et g g U
. ool tuyss sbdus SSENS & SRS 12220 IRyt dugid hakd ignd e ! eigei! a3y . £
Y SEE By SIET) EEnt S Eeve J2STS SEPET EXSe IS 330 JREE? T3t TEOTY ISRTS TRENN 12250 sl il aer SR ge SINSS IE | s HAH
_ < STl e o) Eaaas sRkot fmety EXbet Eacd T M* SHERE %rq [SE98| Sght sadgl 5404 ShoN E\@\l. IERS Pafagagn.q
o S 15008 S g RN Siiiog Aa Sl Auvas sShat swbie bl b [SIR 3E30S TNR TS 30y m o PITERRIT LI I SRS e 1% SRR RERS L 2 )
f POIE ST TR Sery i shgcd sAbgs 22and HEN! T bnfvﬂ.r,\wv.ilmw; ._uv.
X1 g : ....nr#‘ ok ad Ehns] sadud S¥y & 17T 83 2248 q dngey vigty S bl L HEA Y ,
= Umﬁ Ens SRuNyIaney Jasatautad saaps B Rt B aha 37wl A \.m.h ,
g BN NIy 81 i MG Suu. -+ o4 R oy pemeny 4 ot et i}~
= =k sty f2adiisan B SED RN i et SR Loy R gaizisidayastst I
s PRES SESNY SRy saNA Listes 2R SN 2% 1o ] T HRas (Bt guanane
i P Sl pya vmviyl.t i — ._4\\ JE NN Pk t +r4 4 H 4t 4 5
famns ¥y Ll yh P Tq\mﬁ# P Lv Ly 1R RY unud aieRd =
H T ! i3 ! iIngan Jead Es saas anal 155 RRd sR AR aue 2] san g o1 o 1
Mpacial 8 ) ht Stvand el e T 3 SN &) eV §i T * -+ iy 4 1 T i it e
tad § . v VT e ; 1a A o & ; E I i :
z - T T T e P + FURWR SEINN %o 1
ot 5l I Paras ot Yo e I LRSS YRGS Tnany Puwe: +H B T (R [gnwn g . s Ty
p— e S0F St T t i G SEEEN S iy N 3] su g T f $2acd s au in s j2ag Lastddbas 3L
i Sl Dol e HTRE D ARt SERUN 054 BNl saaivy SRu SR gl s 8y a1 :
- 4 T N o ry N
P . P S v oY sy E + i T ot + =+ 1W 3
EELE S e el g i B Rl A i e e »
prEly b ] pe u L3 2
S s e ey e pROpT e SRR
RIAg TR dsts coliin 7 wm -y e ¥
B s+ m SNP St Smad Nires T e S5n S30% 1as3) Pt ias SanSanea] AARNY SSE Y S
ry " e —— } g | B i Enas ¥
{ SBES FEWE 91 . I 2 2 & L‘w o
re IRRS SNERE SRRES PP (% i - L g 3 ]
= - b1 4 ool T e e
: _ s sy is T aE T S : ; TETFTH .
H + + P 04 M SR -+ S SR 2 ol T 2 " - s 19 Snoes engug as
. pa—y 188" waik 1 T LEtET : w: ! 1
> T . " ona —
L LY 4 t R
e > } FErert > I 1 * bt " S wuw) +4 (S
+ L 4 t } et T 1SN ER AT RY BN 8 S ’ e o
it bun I+ } ? 14 Pasi R Au Al T e prtrr ¢ 1
s s - T+ S Ty rany) - e o s Tk 31 801
M + r > M b )-. - T 4f—£ 4
o R o 3 T+ 128 Saat i TIET o SRS S A Aa foad Tadey 5 . e Ao on Tt (o)
pararar ¥ ¥ 4~ g A " T oy " I w
[Sas: IEEE sk A8REI Fhes anNuN Huaeen P S8% wi 1 s r i b
1 < ~ TroRTr e b ) + 4 + 43 } U
: AR A SRR, o1 : s gun e =
i WSS s ns br—ad A T s i
HH e 14 T h tman e
1
=i T L s w
i L o) t W 1 ¥ T b m
! ¥ : e
maa _ h ! s o+ ! ; w
4 41 5y 41 T it ¥ T (@] T
: - T N
F f T 54 saua: Hrt FH
+ )w It T+ t T ol w 1T 1
i T T 1 -
L T + 18 e ual 11t TH 18 gae t
W T Y _q\ v H%M} X ,m il + b
e e *
RS AN «yh~ by | m A_Hr i T vm\ 1* T i
RS A i RS5: o i it s 1 e s 1 ’e
P & il oot St o e 7 5 : : : 5
S PO ou 30 Ry S i b s A + 1 b N gpwen T (S35 I35 Supan ponmp vane
T R R e iy s Bat f230s cagas saame saat 2 33 Sae THARY Shvas 551 bag M SAekynes
BN PO usy DIADE i i § DIGIIES s 1 Supht Subans Suiveuais (e 5% ity ey s8R 1NN gunug qgyud Swdnt Sue - 1 po-id bl
TS BREES P PERS o il s JouR vy v g iy T I : ;
FUND R AR EE S0 SPRRE pEvus PEAAS PUAGE Sinbhs I Uy o T o : b - e e
: [ 3053 JE Poeus $agag RUSE A the T + o3 Snan ¥ THET ' 4
S b DRl Doty S ¥ o st S R T ey T + 223 1 38
¢ ST ches e e s K el Gl s i 4252 = _ - 2 :
y : T T T AOTER T T e ] ] t H
shuth bualS Pas vk po s REaps Sisis SENES Rebod Sovss ar e ] IaSIERES] o xpy PRRal fouaps 2R $208] cazet i T g izsad 258 ia0] ; 1 il
' .o , g 4 i PR RS oy R el eSS 2uSat symes 1oy : 2230 43k
+ = RS P ~y----3 = - 3 Samow s s e InEy e [RE IEERg HEL T TN I I
TSRS O DN TR i bt SO0 S CS1 A A0 G2 o S R T e e e
% Ghaad pirid TTL 8 SEDES afings buited i ] s 23 .
SR EEERY FORRS DA BPUS SRy Sied Ibwes IURE ks BETE ECRN Sabol BF oae 3o bbby eEVG AN AN SRR MR L22oA RRLS i e yatyrg ey
= S RRRS -t - - Rl Rahind . T _4rﬂTWA PeN SR wyy [ aRses Bans sald {H 1 e H N
H T PR Pupvny §iuprwe g o= PSS powey poags T a2y JHa 33 T. ¥ - A CT I 1t it
p . -y s v y - Shomd B Boee b SMS B pS o + i shedi B3 p N
m IR K0 Eae Eiont O LaBas shees su o=t 3 OO ot =1 kit Jo=nd 548 R HEeS) saatt faas, yaq bedl o2 g A g MRt mas s nssgy e ok
- - 4 - P - - )
Q
P "2 B =3
.
J - N-\ug CZNQV O3 HISST ¥ IRAININ -
- A ) ’ VR ¥ > 0w dovm SIHONS OF X 2 w.x m J
N H HONE 34, OAL O3 X O3 . N
4 : ozEs o . A
{ hirspds1p wN058Y . <
; . -

P b
%&Jﬂéﬁwﬁkw};ﬂd R RLITY Hican aiaoas) 2




e

(Do) IUNLVHIAWIL

L

d 0Ge G2ce 0104 G.LlI oGl G2l 00l GL 0% G O, .
| _ T T T I T T T T I 148
| _m_
! & 3
m o> (9961) ILNLILSNI WNIT0¥LIdG L
: ﬁ| B . NVOIMIWY ' (SNOLLVYOIJIAOW HLIM) 21-9 od
m.d ONINI43Y WN3T0HL3d - X008 Vivad WOINHOZL IdvY
._ B WI_ - 308N0S INVISQ ~-u 40 ALISN3CG
| SH&2 — o
W 192 /O
| - NW o 4
. _ /O
: o2 /Olr o .
. - Q. - =0
| M w ~
> .
si-2 5 o Qe
5% Do WO/ S3UAD 680" S! Do 021-0 T~ .
35 udam}aq adojs uoaw / 32 |
m o O
o o 3™ A
(@) <
o Z |
B / o
(o) r _
¢z = _
o <
(9961) ILNLILSNI WN3T0¥L3d NVIRIWY o 9
i *G-0l 9d ‘ HAVYSOWON ‘ ONINI43Y .
WN310813d - X008 ViVa WIINHO3L I1dV . B
oc T 32UNOS3INVI3A -u 40 NOISN3L 30VANS «

|
t
!
i
1

c? 20 ¥ “gco19




1000 100

,,,,.
<
L o

/

w
0
_ o)
. c
E =
0 APOR PRESSURE OF n-DECANE, |in®
y Sy |
W 100 C ~ SOURCE | HARDEGOK OF CHEMISTRY_ 0=
g u AND PHYSICS,P L
S I 48ih EDITION TH; hemeal | - z
w r RUBBER COMPANY (1967) 13
L]
c | -1 9
W - O 1 €
o (T8
w T 41 &
>—
=
N o B I
1p) w
W o
Q- Q
S =
S 10FX o l
q - \ VISCOSITY OF n ~ DECANE, 1 -
g T ) SOURCE : AP] TECHNICAL DATA 5
BOOK - PETROLEUM REEWNING,' - =
- N PG I1- 13, AMERICAN PETROLEUM | O
. B X INSTITUTE (1966 14
Q \\ <

/

1 4

. /05.

o) 40 80 120 160 200 240
TEMPERATURE (°C) FIGURE 5




(0J) JHNIVHIdNAL
00<¢ Gl 0G| G2l o]e] Gl 05 G2 C

8

O
o
T

i

M
FIGURE ©

et . 4 it e e

1 I I { 1 T 1 i — ' {
i gy9 O
o
" %_.u..u_ % N
I > ™ 3
-G o = R4 -
e CJ -
O \w . —
3 ° i
32 | x =@
SN anor ~—— o 5 |
93 o | :
SR, o~ Q|
—t (9961) ILNLILSNI NN3T10Y.1L3d ~
(9961) 3LNLILSNI WN3104HL3d NVIIH3INY NVOIRMINVY( 021 -2 9d NO d3ssnosid
‘(SV9) +S-1 9d (QINDIT) ebi-L 9d 3HNA3300Hd V ONISN 43LVINOTVI)
HdVHOOWON ‘ ONINI4IY WNIT0H13d Zit-4 9d°'9NINId3¥ WN3T04HL3d -
- 3008 ViVa TVOINHO3L IdV . 324N0S -3008 Viva TWOINHO3L IdV @ 304N0S
_ ‘3ANYO3Q -4 40 LV3H 214103dS ‘INYO3A -Y 40 NOLLVZIMOJdVA L1V3H
1 i i 1 M 1. L
. &2 Loo X  s0/2




(Jo) IUNLVHILNIL

Gl 0% Gel Q0! Gl o< G2 o) Ge- oG-
T T [ T T 1 T T T T T Y C
N~
- T T - L
b 2| &
- =2 . =1o
> — i
=
TqD.. . -
<S8 a2
R 2 ~ 0 -2
o O %n
t C a8 0
Q0O B |
mu DN..
< 3 <
o — r —
~ . D6
© 3
L ® O ° n
3 2o
L 1 3 .
x 8 27
=0 x
- 38 Of 1
F
m r
— @ o165
& (MOOBANVH IdV =

- 3JHL -WOHd AT103dId LON SiI 3AYND 3HL
"SNId4VHVd TTVWHON H43HLO0 NOdNn a3svd
! JIVNILSI VOI901 Vv 1SNk ATv3Y Si
3AEND SIHL) '(9961) 3LNLILSNI WN3T08i3d — |
NYOIM3WY ‘€i-21 9d ‘ ONINI43E¥ WNIT0HL3d
- = %008 vivd TVOINHO31l IdV . 33¥NOS
‘SV9 3NVOIA-U 40 ALIALLONGNOD TWWH3HL

| | I l

("S3NTTYA 3SIHL N3IIMLIG NOLLYIOGHILNI ¥YINIT
SAN3WWNOJ3Y GNV S3INIVA OML 3IHL Sisi
— 324N0S SIHL)(9961) ILALILSNI WN3108L3d]

- 3008 viva IVIINHORL 1dV | 308NOS-
‘aindIT 3NVYI3Aa-u 40 ALIALLOINANOD TIWWNH3HL

I L | _

NVOIMINY ‘€1 - 21 9d'ONINIIZY WN3TI0HL3d |

62 oo » Sol2.




BECDEN 8434 WIRE
~y BUK

=

#ESVINYL WIRE

ST,

RED

|

+
; § i
4oL
B R v )
R b
P WAVAVANDY

WAHT

L SUCCRSISNIS IR NP PO

GRA

7tz N

W/RING DiACRAN

\e=”/

SCHEMATIC
i M
Z / 745
\;
= ) t
COOKING DOWN LODKING DOV
O/V:T{f‘,/:?/"é’g{ ON SENSOR
SCALE: VoA & TOLZRANGES UNLESS NOTES | NO, CHANGE T wy Tare.
DATE: /-4 54 (NCN-ACCHMULANVE) NG REGD:
DESIGNED: XXX w4 OTR” MAT'L: ]
DRAWN: " ./ XX = & .COB" ¥INISH UNLESE NOTED: v
CHECKED: Fi ) FRACTINS » 1 182" TIYLE:
APPD- ~"’ ANGLES > =10 T OWIRIANG DIAGCESAN
QUGGB\HEIM LABORATOR!ES FEAME DE é‘é” 7'»:3 g
DEPARTMENT .OF AE,RONA!._JTK‘:AL £ HINEERING : —
PRINCETON UNIVERSITY owe.no, £ /05 S-OC2A

FORM WO 378453 0 aw BLUEARINT GO

wy,



2 ma s ey

s ) . )
GUGGENHEIM LABORATCRIES
'DEPARTMENTOF AERONAUTICAL ENGINEERING
PRINCETON. -UNIVERSITY
Ferm. Ne. 5C ' Showt . /ot
BAL OF MATERIALS For Drawing__ (LA E CETECTOR 453 L MO03A Date 77+ -8
’::" Descriphion Material Size Ques. e. :“:'::""
7 | reeerreae Ay — _— 5| erosE o084
o | oo ReraweR = — 5 | es085002A
3 |&tocH | BRASS S SAEAR X S ¢ | eroscoo3s
g sy 8RASS Fxs “ B S5 ¢ | etowsoore
EaARZA U smasy _} X0 SARX S 78 | w0
6 | snnHn SoRews Srree r32gx 20 S
BAEZYE ACCURBEY RYEKSIN & U3 .
FT0CK RowD | $ 04 ¥ 3506 <
"‘E"”MZ wyr STEEL & LO2F THREAL 5
o | waswes sreer | #o 5

IS [Rrapea




R

e —

SCALE
DATE:
-DESIG!
| DRAWI
I CHECY

APP'D;

P

o v e wbe

= g ¢

5
ES

por
-

e

Illlllrfnﬂl.l o
fors e o B =

Zafier- e =t oy

o i T B S T

YPICAL LIGHT DETECTOR ASSY

=

SREGD

e s Po—coy
SR 02 WSLVIPHINT 00, T FI6302Y




GUGGENHE!M LABGRAT@RIES
nzmmmr OF AERONAUTICAL ENGINEERING

‘ PR%NCE"[ON UNIVERSITY

S e e e i - -
‘W PRI, ww'wcwv-—-‘_\},’y/ B = o 4‘.—-—-».15—;:
A
|
|
T
19
REED
¢
i
L {
' e --(-'b'- » Ersas ? ‘ { :
AR o 1 -
= e e o e 4 e
} T
f
| 1 i
| ! !
| hs
i
b i !
i i 1
r - 11—~ - T
R R . g i | R e 2B B
~ ® ©
L ‘ A1 .
- .
I ©) NN DN ©
(3
3)  srECD,
4
!
B
SCALE; fsice ,“//arm TOL:RAchs um.:ss NGTED | NO. | . CHANGE | By | APP
DATE: 77 ~df ~ (NON~ACCUMULATIVE) “NO. REQ'D: i T , -
DESIGNED: XXX £,002% MAT'L:
DRAWN: i/ ™ XX w05 FINISH UNLESS NOTED:v
‘CHECKELR: 77 -FRACTIONS = :1/32% TITLEY
APFD: 773 I ANGLES S 210

FEAME DETECTOR ASSY

| owevo. 6/05/9 03 A




B T R T UV

™ s e e ’ 5-1)“’" S k
] B - ”/( # ( ‘, " 'v‘ - :3.’_”-‘*
| %__”.,._._. — 360"~ e '.’-';. i
; | RS RN
: ~. , /('\f‘ L i s . o 7"
! 8 ™ " : R T ”””’“‘"“’{’)’?’"’f “é'}'"_'"( I riw
. / h 1 | ] VAR ¥
L] O N L
// ; ’ /'. N -
‘ x/ t . T
/ . . . :
/ Z D/{"/Z(( 265%). THRY L g 23 DRILL (.436) THRY
2,6/0[ £S # 5-.3’2 f/lﬁ 7‘///%/
: ZHRL [' S
HI {
bt !
- /‘!\ et {: "
. AN L RER
oq | se
. i ¥ ' 5 o "10
1
A Y
—,50/ =200 /A
2HOLES
| 3 v/A er05ma034
I SCALE: £ L S42 L. TOLERANCES UNLESS NGTED | NO, | i ) ,CHI;.NG‘E": C | BY [APP
DATE: 77 10 & &% ' (NON-AGCUMULATIVE) NG REGD % B KA
DESIGNED; i XXX = % 002~ ) MATL: T
TORAWN: =/ nf T XX = + 00%" © FINISH UNLESS NOTED .f 63
CHECKED: 7 £ ‘| FRACTIONS = :3/32% . TITLE: ’
’ : "APP'D: ANGLES = = Y 5{ OCK _
GUGGENHE!M LABORATOR!ES /‘f/f’ffé’ :‘é‘ FECTONR
DEPARTMENT OF AERONAUTICAL ENGINEER!N(«} ' e
PRINCETON. UNIVERSITY . DWG. No. 6‘/05 J 003 B




- - o - e o e ot s st —— - .
+
- ”
e e e L) 5 Jna—
' ” . ~
Pom

- YT

L
pid

’
4
.
4

Y
6

7 DRI (2E56) THRY
SHOLES TQ LGATCH

6/0550035.58

PSS AT

——r s .
o

et

@ u=4" a0
($)A:% 280D

@
* . /v B ELOSMOUIA

SCALE. AU/ siZ’F : *rou:nmcss UNLESS NOTED | NO. | CHANGE "By | ApP.’]
JOATE:. foc37-c 8 i (NON ACCUMULATIVE). NC. REQ'D- o AR "
"DESIGNED: XXX £ ,002% J IMATLy :

DRAWN: V.0, Xh-& & .O0S" FINISH um.ess NOTED: 7€ 3

CHECKED: 7.7~ sFRACTIONS = £1/32" | TiTLE:

APFD: {ANGLES et 10 f/’//MS

GUGGENHE!M LABORATORIES

DEPARTMENT OF AERONAUTlCAL ENGINEER!NG ’

- PRINCE‘EON UNIVERSH’Y

| FLAME DETECTOR

[oweno 67055003 C

Ty

m&um 2aaK 2 -

Perery




N

,,,,,,

y ) F. mm/ X3a
@ﬁ'/is‘s

Jfé"é‘l.

FOEIRED) EOAIV ;

FRISHER 2

| ;9- DIA-DRIUL BOD

 wraens w

R R Yo o e

1
i
L. IREF

i

i
oV
suter soioes

@ N/A 6105 /70034,

I SCALE: F(/éd Sl2E

DATE: /€-2/~£48 = . ] (NON- ACCUMULATN:)

fTOLERANCES UNL!S. HOTED

NO. “,‘]. s

CHANGE

TwY. [arp.

. NO. REQ‘DL

PESIGNED: AKX %k 0027

MAT:L:

DRAWN: * 2 ar fLXXw e 0ns”

T FINISH: UNLESS Non:o vﬁ &‘ Jnae 4575

CHECKED: 77 . . | FRACTIONS = &1/32" "

1 TITLE:

R APPD

ANG&,ES -

GUGGENHE!M LABORATORKES

DEPARTMENT-OF AERONAUT!CAL ENGINEERING.

PRINCETON UNWERS!TY

HOUSING FPE7 /4//‘\/:/?
FLAME DETECTOR

; i'b?va.'Nio.v 5/05'5 004 /L) | '

. FORM No 3785 2 o LA :memr [-3




A A S e s v S ————— o~ AT Do by % it e W

» e

GUGGENHEIM LABORATORIES
:DEPARTMENT OFAERONAUTICAL ENGINEERING.
PRINCETON:UNIVERSITY

SR

Form No. 'SC ) ] Sheot_ /ot 7. .
BLL OF WATERIALS For Orewing_CLECTRCAL ASS Y- FLAME DETECTOR _ ¢135°5 005°A Dte_si- 565
D':" Dmﬁpﬂu ! Mdo;k; 1T 151:- .;ga..,i } °}"w '
w,/:,*._ Axeo TEK ERex Ciiat 7E i 3 Wil RN
LE L A INS ERACE ] [y /E SiX xS (A eregsaess T T
J T DEFECFOR STERAST LAl AR SR X RS [ BLOFIN0SC -
o | seacer 2 R Z 2
5\ SOCKET-TRANSISTOR - | TEeE 053308 £4€0 / "
¢ | wewr serecroR - GELI#B ' ©/ "
7 | cores  FRENOLIC O34 THISHRL LS / "
8 | BARRIER STRIF - L CATE N INES SER LS 447 1073 coE A
o | serews BIis s HIATED| BEE 4 226 surronwn | £ o
0 | wirs | - | sezoen » 293 i "
U SCREWS V&rAss PLATED| *8-32 x4 c6 BurroN Hn| 2 »
12 | 7vaE | srsre F00 %035 WAL xIRT6] /- ”
e - i
:
-
! .
‘ - -~
C e o

T —




| ows.
| s/053005¢

| 10550058

PoT. W//'//

ﬁsﬂﬁ/\’/}’—\'“v'

S o ‘Dwa 6/0&)'0056

/

L. 3
‘2 Z/?[QD 3 -

- 37"572. TUBE
/d Z@

‘ xé’.?zm?{ws I

@

clogsoose| |11

DW6

6/055005¢

/)A’Q ON:

(R IR
A \ IS

EO)
\~cimey- JonEs
| MNIATUEE
 ZARRIR
6‘7’/?//’ ‘

22 5@ J‘fﬁgws-« ‘

®

BELDEN 8434 —| ||

(1wt srasmao3a

Yl seres 4172
| mEwosken
| 123 TERM,

P

—LOL W1
Y &9/? /? 7V

SEE PG 6/055 002"/’?
FUR. W//?M/@ DIAGRAN

§/053:00¢ OOSC :

| scALE FULL /248

TOLERANGZS UNLI‘S NOT!D B NO. S

DATE: A/~ ¢+848

.. CHANGE

1.y ‘1""_" 5 }:

(NON-ACCUMULATIVE). _— ["NG_ e Br

1 DESIGNED:

XXX = 002

T MAT L

DRAWN: ¢ 4/,

LXK wo 008%T

' FINISH UNLEQC NOT!D \/

CHECKED: 7’/’

JFRACTIONS = -kusz T t.:

JAFFD:7 2 -

) ANGLE$ vt 10

GUGGENHE!M LABORATORIES
DEPARTMENT OF AERONAUTICAL ENGINEERING

PR!NCETON UNl\lERSlTY

EZFC’Z’}’?/’Z‘/N f? <5Y
FZ/)ME Dé" Z' IV L 6?/‘?

::’ch NO. 6/&5“5 005‘/?

FORM na §7es 3 paw uqtomm co
o

A

& pm e
fl



( P

R e TN

ot i —— — e

F DRULLZSTY
| Zo 3oA.Hote

|
3" b = e
a0 ]
o 4 fERE T

¢
l
1
7

5 DRILL(250)

c?//oz?::
70 ;f' “DiA.

HOLE

#£29.DRiLL. /34) 2pp

ra 327/3/04 o/’

DATE: /0~23-¢ 8

{NCN-ACCUMULATIVE)-

L NO; REQ'D:

& 1 To——
1
: l gl : 3"
! : —]
I 35 ! ; ¢ 8 /A
aII ’ : ! L. Ll
: i P
! 1 Ly
y I i = . 1
| | : { | - #3008/00(2289) |,
o . ! B { ZHRY TOMATEH .
SRR ~ 71 7 «6‘/'05‘500‘}'/93
SN o A ‘" Lol dy ———
{' ""%"?"f"‘“” ! /E ‘ % ' QB’ :
3_" : ; ) ] , ; } t ,.nw/ooﬁ/u(/aa)
S L 7
! i___::l-t:l?’"‘,’,__.i.__._l‘ 1 / 245
.. .-J'? SEEN) | « @ - --mzmxlz{a?)mo/’
' SRR K } 2LSCTAF, $DE
L R :,__, — F DENLLL2SY) [ B0 O NN P <. £
Sz I ! mirey b1 4 o
I AL R ’...t..,...ﬂ R et Il e
o ! | ) | o 2 I
l t ' I ‘ 3"1 i
| | i ‘ EEET R B
i Pl *J “ i g K % X
| o el ’
{ l | : . | i
1 R | b !
. z i
! » gr
: -~ .25 7 ™
( ) zV//i 61055005 A e/ F s
SCALE: FULL 3726 | TOLERANCES UNLESS NGTED | NO. [ " CHANGE ‘ i L sy fare 1

DESIGNED:

XXX =2 ,002%

T MATL:

LDRAWN: ¥ u/

KX = b 008"

FINISH UNLESS NOTEDV. €3

CHECKED: T /7

‘FRACTIONS = /32"

APPD: 7 7

‘ANGLES SR L

-

GUGGENHEIM LABORAT ORIES
DEPARTMENT OF AERONAUTICAL ENGINEERING

PR!NCETON UNIVERS!TY

TITLE:

HOUSING

FLAME DETECTOR

BWG. No, 6/055 00»5'5

FORM No 376%3 oaw ut.u:rnmrco

AN esamtinin




